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Introduction 


This  report  describes  for  the  potential  user  an  on-line  system  of 
programs  for  working  with  complex  symbolic  data.  The  system,  currently 
implemented  on  the  IBM  7030  computer,  has  been  used  extensively  in  the 
development  of  procedures  for  linguistic  analysis  (Walker,  et  al.,  1966) 
and  for  the  design  and  implementation  of  a  system  for  text  processing 
(Walker,  1967;  Chapin,  et  al.,  1967). 

The  on-line  system  is  programmed  in  TREET,  a  list-processing  pro¬ 
gramming  system  (Haines,  1965,  1967)  adapted  for  on-line  use  in  a  dis¬ 
play  environment  and  enabling  facile  manipulation  of  tree  structures  and 
textual  data  through  use  of  lightgun  and  on-line  typewriter.  Much  of 
the  programming  for  the  on-line  system  was  done  on-line,  using  available 
capabilities  to  add  new  ones.  Some  familiarity  with  TREET  is  essential 
for  maximal  use  of  the  system  since  the  format  for  writing  functions  in 
each  is  the  same  and  since  typing  in  a  TREET  function  is  one  of  the 
primary  ways  to  communicate  with  the  on-line  system.  It  should  be  noted 
that  there  are  two  different  input  modes  in  TREET;  normal  and  READQ. 

The  normal  TREET  mode  is  to  be  used  when  the  arguments  of  a  function 
(separated  by  commas)  are  variables  to  be  evaluated.  The  READQ  mode  is 
to  be  used  when  the  arguments  of  a  function  (not  separated  by  commas)  are 
to  stand  for  themselves  and  not  be  evaluated. 

In  the  IBM  7030  version  of  the  on-line  system  the  DD-13  display  scope 
is  divided  functionally  into  four  sections.  The  center,  the  major  portion 
of  the  scope,  is  used  for  displaying  data,  either  trees  or  sequences  of 
alphanumeric  symbols  called  cards  which  occupy  a  single  line  on  the  scope 
face.  The  other  sections  used  are  margins  (left,  top,  and  bottom).  The 


left  margin  contains  alternative  sets  of  frequently  used  control  words 
which  can  be  activated  by  lightgun.  The  top  margin  may  be  used  to  dis¬ 
play  the  mode  of  the  general  editor  or  to  indicate  the  action  that  would 
be  initiated  by  the  next  input  to  the  system;  it  also  indicates  certain 
kinds  of  errors  by  flashing  the  word  ERROR.  The  bottom  margin  shows 
the  current  status  for  some  of  the  more  complex  routines  contained  in 
the  system. 


I.  General  Editor 


A.  Entry 

The  general  editor  is  entered  by  typing  either  EDIT(NIL)  or 
EDIT(name),  where  name  is  the  name  of  a  list  of  cards.  There  are  two 
modes  of  editing: 

1.  Input  Mode  -  the  general  editor  is  in  input  mode  if  it  is 

entered  by  an  EDIT(NXL)  or  by  typing  INPUT  while  in  the  EDIT  mode.  While 
in  this  mode,  all  typewriter  input  is  concatenated  to  previous  input  and 
displayed  on  the  console.  The  typewriter  editing  functions  are  the  same 
as  those  used  by  the  TREET  input  program  (e . g . ,  interpretation  of  back¬ 
space,  erase  message,  etc.). 

2.  Edit  Mode  -  the  general  editor  is  in  edit  mode  if  it  is  entered 

by  an  EDIT(name)  or  by  lightgunning  EDIT  in  the  left  margin.  If  EDIT (name) 
is  used,  then  the  cards  stored  in  name  will  be  displayed. 

B.  Typewriter  Control  Words 

In  edit  mode,  the  first  line  typed  in  is  interpreted  as  a  control 
line  and  the  first  word  typed  in  is  considered  to  be  a  control  word.  The 
following  control  words  may  be  used  to  initiate  the  corresponding  actions: 

1.  CHANGE  -  the  lines  after  the  first  line  constitute  the  new 

lines.  Wait  until  the  typewriter  does  a  carriage  return  (i.e.,  the  program 
acknowledges  the  input)  and  then  lightgun  one  of  the  lines  on  the  display. 
That  line  will  be  erased  and  the  new  lines  will  be  inserted  at  that  point. 

2.  INSERT  -  the  lines  after  the  first  line  constitute  the  new 

lines.  Wait  until  the  typewriter  does  a  carriage  return  and  then  lightgun 
one  of  the  lines  on  the  display.  The  new  lines  will  be  inserted  after  that 
line . 
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3.  ALTER  -  ALTER  can  be  used  to  change  any  part  of  a  card. 

The  format  required  is: 

V  string  v  newstring  y 

where  v  is  any  A6  character  not  appearing  in  string  or  newstring .  String 
and  newstring  may  be  of  unequal  length,  newstring  may  be  empty,  but  string 
must  be  non-empty.  The  third  y  is  optional  unless  newstring  ends  with  a 
blank.  Wait  until  the  typewriter  does  a  carriage  return.  ALTER  will  be 
displayed  in  the  top  margin.  Thereafter  any  card  lightgunned  will  be 
scanned,  from  the  left,  for  the  first  occurrence  of  string ,  which  will 
then  be  replaced  by  newstring .  If  string  is  not  a  substring  of  the 
characters  on  the  card  selected,  the  response  NO  MATCH  FOUND  will  be  typed 
out.  A  card  can  contain  80  characters  but  only  64  are  displayed.  II 
the  revised  card  is  over  64  but  less  than  80,  the  response  ALTERED  CARD 
NOT  DISPLAYED  COMPLETELY  is  typed  out.  If  the  revised  card  would,  be 
over  80  characters,  the  alteration  is  not  performed  and  the  response 
NEW  CARD  TOO  LONG,  OLD  CARD  NOT  ALTERED  is  typed  out. 

4.  STORE  name  ---  name  is  any  legal  TREET  symbol.  A  copy  of  the 
cards  currently  being  edited  is  stored  in  name  and  the  program  types  back 

CARDS  STORED  IN  name.  Subsequent  use  of  EDIT(name)  in  normal  TREET  mode 
will  edit  those  cards. 

5.  APPLY  -  the  data  being  edited  are  considered  to  be  a  pair 

consisting  of  a  function  name  (typically,  DEF)  and  a  list  of  arguments. 

The  function  is  applied  to  the  list  of  arguments.  APPLY  can  also  be  light- 
gunned  in  the  left  margin. 

6.  PUNCH  -  the  data  being  edited  are  punched  out  offline  as  cards 

and  PUNCHED  is  typed  back.  PUNCH  can  also  be  lightgunned  in  the  left  margin. 
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7 .  PRINT  -  the  current  display  is  printed  on  the  high-speed 

printer.  Up  to  47  lines  can  be  printed.  PRINT  can  also  be  lightgunned 
in  the  left  margin. 

8.  DISK  n  ---  the  data  being  edited  are  stored  on  the  disk  in 
the  arc  numbered  n.  The  maximum  number  of  cards  that  can  be  stored  in 
an  arc  is  63.  (Since  DISK  will  write  over  anything  which  is  already  in 
an  arc,  the  one  chosen  should  be  checked  to  ensure  that  no  other  user  has 
data  in  it.)  In  response  the  typewriter  types  ARC  n  WRITTEN  . 

9.  E  ---  the  lines  following  the  control  line  are  treated  as  if 
they  were  input  from  the  typewriter  in  normal  TREET  mode,  depending  on 
what  was  last  specified. 

10.  Q  -  the  lines  following  the  control  line  are  treated  as 

above  (E) ,  but  they  are  interpreted  as  being  in  TREET  Q  mode.  Q  is 
equivalent  to  an  E,  a  carriage-return,  and  a  space.  This  should  not 
be  used  if  the  current  mode  is  Q. 

11.  RETURN  -  the  computer  returns  to  normal  TREET  processing 

mode.  RETURN  can  also  be  lightgunned  in  the  left  margin. 

12.  INPUT  -  the  editor  changes  from  EDIT  to  INPUT  mode  so  that 

all  subsequent  typing  is  concatenated  to  the  data  currently  being  edited 
and  displayed. 

C.  Left-Margin  Control  Words 

When  a  list  of  cards  is  displayed,  the  first  30  cards  will  appear 
in  the  center  of  the  display  console.  The  left  margin  contains  the  follow¬ 
ing  control  words: 
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NEXTPAGE 

PREVPAGE 

VIEWPAGE 

FIRSTPAGE 

• 

DELETE 

DELETEN 

EDIT 

APPLY 

RETURN 

PUNCH 

PRINT 

These  control  words  may  be  lightgunned  to  perform  the  following 

actions . 

1.  NEXTPAGE  -  changes  the  display  of  cards  so  that  the  card 

25th  from  the  top  of  the  display  is  the  new  top.  This  provides  an  over¬ 
lap  of  five  cards.  The  number  of  cards  down  is  specified  by  the  variable 
$NEWPAGE  which  is  currently  set  to  25,  but  may  be  set  to  any  integer  the 
user  desires. 

2.  PREVPAGE  -  changes  the  display  of  cards  so  that  the  card 

which  previously  was  the  top  card  of  the  display  is  the  new  top  card. 

This  essentially  undoes  the  last  NEXTPAGE  or  VIEWPAGE  action.  If  the 
first  card  of  the  list  is  the  current  top  card,  no  change  is  made. 

3.  VIEWPAGE  -  displays  the  word  PAGE-TOP  in  the  top  margin. 

After  that  the  next  card  lightgunned  is  made  the  top  card  of  the  display. 

4.  FIRSTPAGE  - —  changes  the  display  of  cards  so  that  the  first 
card  of  the  list  is  the  top  card  being  displayed. 

5.  DELETE  -  the  word  DELETE  is  displayed  in  the  top  margin. 

While  this  word  is  displayed,  all  lines  lightgunned  are  deleted,  the 
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following  cards  are  moved  up,  and  additional  cards  (if  any)  are  added 
so  that  no  more  than  30  cards  are  displayed. 

6.  DELETEN  -  the  word  DLET-FROM  will  be  displayed  on  the 

top  margin.  A  line  should  then  be  lightgunned  and  DLET-TO  will  be  dis¬ 
played  on  the  top  margin.  Another  line,  which  must  not  be  before  the 
first  line,  should  be  lightgunned  and  then  all  the  lines  between  (and 
including)  the  lightgunned  lines  will  be  deleted.  If  the  second  line 
lightgunned  is  before  the  first  line  then  the  computer  will  type  back 


TOO  HIGH. 


7.  EDIT  -  the  editor  will  go  into  edit  mode.  The  word  EDIT 

will  be  displayed  in  the  top  margin  and  EDIT  will  be  typed.  Light¬ 
gunning  EDIT  is  the  only  way  to  go  from  input  mode  to  edit  mode. 


8 .  APPLY 

9 .  RETURN 

10 .  PUNCH 

11.  PRINT 


-  these  control  words  operate  like  the 

corresponding  typewriter  control  words 


except  that  the  lightgun  may  be  used 


in  input  mode. 
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II.  List  Editor 


A.  Entry 

The  list  editor  is  entered  by  typing  one  of  the  following  func¬ 
tions  : 

1.  SHOW(list)  ---  where  list  is  a  list  if  in  READQ  mode  or  an 
expression  which  evaluates  to  a  list  if  in  TREET  mode.  The  list  is 
displayed  using  as  many  cards  as  necessary  with  each  sublist  at  the 
top  level  of  the  list  beginning  on  a  new  card. 

2.  SHOWLIST( lis tname)  where  lis tname  is  the  name  of  a  list. 

A  list  of  two  elements  is  displayed  (using  SHOW) .  The  first  is  the  name 
of  lis tname ,  and  the  second  is  the  list  whose  name  is  lis tname . 

3.  SHOWFUNC (func tionname)  -  where  func tionname  is  the  name  of 

a  function  which  has  been  written  in  TREET  and  not  compiled.  A  list  of 
three  elements  is  displayed  (using  SHOW) .  The  first  is  the  name  of  the 
function,  the  second  the  type  (either  F  or  R) ,  and  the  third  the  Cambridge 
Polish  expression  for  that  function. 

4.  SHOWTRAN(trans forma tionname)  -  where  trans forma tionname  is 

the  name  of  a  transformation.  A  list  of  two  elements  is  displayed  (using 
SHOW) .  The  first  is  the  name  of  the  transformation,  and  the  second  is  the 
transformation  in  input  format. 

5.  SHOWPROP (symbolname ,  proper tyname)  -  where  symbolname  is  the 

name  of  a  symbol,  and  proper tyname  is  the  name  of  the  property  of  the  symbol 
A  list  of  three  elements  is  displayed  (using  SHOW) .  The  first  is  the  symbol 
name ,  the  second  the  proper tyname ,  and  the  third  a  property. 
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B.  Left-Margin  Control  Words 

When  a  list  of  cards  is  displayed,  the  first  30  cards  will  appear 
in  the  center  of  the  display  console.  The  left  margin  contains  the  follow¬ 
ing  control  words : 

NEXTPAGE 

PREVPAGE 

VIEWPAGE 

FIRSTPAGE 

• 

EXPAND 

CONTRACT 

DELETE 

DEFINE 


These  control  words  may  be  lightgunned  to  perform  the  following 


actions : 

1. 

NEXTPAGE 

2. 

PREVPAGE 

3. 

VIEWPAGE 

4. 

FIRSTPAGE 

5. 

EXPAND  -- 

After  that, 

any  card  ^ 

-\ 


)  -  these  control  words  operate  like  the  corre¬ 

sponding  control  words  in  the  general  editor 
(I.C.) . 

5.  EXPAND  ---  the  word  EXPAND  is  displayed  in  the  top  margin, 
lat,  any  card  which  is  the  first  card  of  a  list  (i.e.,  which  has 

a  left  parenthesis  in  the  first  column)  may  be  lightgunned.  The  cards 
being  displayed  will  be  changed  so  that  each  sublist  at  the  top  level 
of  the  list  begun  on  that  card  begins  a  new  card.  The  other  cards  on  the 
display  will  be  moved  down  to  accommodate  the  additional  cards. 

6.  CONTRACT  -  the  word  CONTRACT  is  displayed  in  the  top  margin. 

After  that,  any  card  which  contains  only  a  left  parenthesis  may  be  light¬ 
gunned.  The  cards  being  displayed  will  be  changed  so  that  the  list 
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beginning  with  the  lightpenned  left  parenthesis  is  put  as  compactly  as 
possible  on  cards.  Other  cards,  if  available,  will  be  added  to  fill  the 
display,  up  to  the  maximum  of  30. 

7.  DELETE  -  the  word  DELETE  is  displayed  in  the  top  margin. 

After  that,  any  card  which  either  contains  only  an  atom  or  is  the  first 
card  of  a  list  (i.e.,  which  has  a  left  parenthesis  in  the  first  column) 
may  be  lightgunned.  That  atom  or  list  will  be  deleted  and  the  data  re¬ 
displayed,  adding  other  cards  as  available,  up  to  the  maximum  of  30. 

8.  DEFINE  -  if  the  data  were  displayed  by  means  of  SHOWLIST, 

SHOWFUNC ,  SHOWTRAN,  or  SHOWPROP ,  then  the  list,  function,  transformation, 
or  symbol  whose  name  is  the  first  member  of  the  list  displayed  will  be 
defined  and  appropriate  definition  cards  punched  offline. 

C.  Typewriter  Control  Functions 

The  following  three  functions  may  be  typed  in  to  change  the  list 
displayed.  They  are  ordinary  TREET  functions  which  may  have  any  number 
of  arguments.  If  the  system  is  in  READQ  mode,  the  arguments  are  not  eval¬ 
uated  and  must  not  be  separated  by  commas. 

1.  CHANGCD (arguments)  -  the  word  CHANGE  is  displayed  in  the  top 

margin.  After  that,  any  card  which  is  an  atom  or  the  first  card  of  a  list 
may  be  lightgunned.  The  card(s)  containing  that  atom  or  list  is  deleted, 
and  a  list  of  cards  is  inserted  with  each  of  the  arguments  beginning  on  a 
new  card.  Finally,  EXPAND  is  displayed  in  the  top  margin. 

2.  INSERTCD (arguments)  -  the  word  INSERT  is  displayed  in  the 

top  margin.  After  that,  any  card  which  is  an  atom  or  the  last  card  of  a 
sublist  (i.e.,  not  the  last  card  of  the  entire  list  being  displayed 
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which  always  contains  a  single  right  parenthesis)  may  be  lightgunned.  A 
list  of  cards  with  each  argument  beginning  on  a  new  card  is  inserted  after 
the  card  lightgunned,  and  EXPAND  is  displayed  in  the  top  margin. 

3.  STORELIST (name)  -  where  name  is  the  name  of  the  list.  The 

word  SEL-LIST  is  displayed  in  the  top  margin.  After  that,  any  card  which 
is  the  first  card  of  a  list  may  be  lightgunned.  A  copy  of  the  list  is  then 
stored  in  the  location  name ,  and  the  response  LIST  IN  name  is  typed  out. 
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III.  On-Line  Linguistic  Procedures 

A.  Format  for  a  Context-Sensitive  Phrase  Structure  Grammar 

A  context-sensitive  phrase  structure  grammar  is  a  list  of  context- 
sensitive  phrase  structure  rules.  A  phrase  structure  rule  is  a  list  of 
four  elements: 

1.  a  name  (which  must  be  a  valid  TREET  symbol) 

2.  a  supplementary  name  (either  a  TREET  symbol  or  a  number) 

3.  a  list  of  context  restrictions  (or  an  a tom--conventionally 
a  Z — to  indicate  that  there  are  no  context  restrictions;  each  context 
restriction  is  a  list  of  symbols,  one  of  which  must  be  a  dash) 

4.  a  list  of  expansions  (each  expansion  is  a  list  of  symbols) 

An  example  of  a  very  small  grammar  follows: 

( 

(SS  Z  Z  ((#  S  #))) 

(VP  z  Z  ((V  NP)  (V)  (BE  PRED))) 

(PRE  Z  Z  ((Q))) 

(V  1  ((-NP))  (  (VTR)  ) ) 

(V  2  Z  ((VINT))) 

(NP  Z  Z  (DET  N)  (DET  N  SS))) 

(N  Z  Z  ( (NPR)  (NCT) ) ) 

(DET  1  ((-NCT))  ((A)  (THE))) 

(DET  2  Z  ((NL))) 

) 

The  rules  of  this  grammar  are  ordered.  A  sentence  is  generated 
by  initializing  the  tree  to  the  single  node  _SS,  applying  each  of  the  rules 
in  sequence,  and  expanding  the  terminal  nodes  of  the  succeeding  trees  as 
appropriate.  A  rule  applies  simultaneously  to  all  of  the  terminal  nodes 
in  the  current  tree  to  which  it  is  applicable.  For  example,  the  following 
tree  has  been  generated  by  applying  the  rules  SS  through  N: 


A  film  illustrating  the  use  of  the  on-line  system  for  testing  transformational 
grammars  has  been  prepared  (Chapin,  1966) . 
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ss 


#  s  # 


NPR 


The  first  of  the  rules  expanding  DET  is  next  in  order.  There  are  two 
terminal  nodes  labeled  DET  in  the  current  tree;  however,  the  rule  applies 
only  to  the  first  DET  which  has  an  NCT  following  it  and  thus  satisfies  the 
context  restriction.  This  DET  could  be  expanded  either  to  A  or  THE. 

The  second  DET  rule,  which  has  no  context  restriction,  applies  to 
the  other  DET  node.  The  result  of  applying  both  rules  is  the  following 
tree : 
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The  grammar  given  above  contains  a  recursive  rule  that  allows  for 
embedding.  If  an  SS  has  been  introduced  by  expanding  NP  in  the  course  of 
generation,  the  whole  set  of  rules  will  be  applied  to  that  node  after  the 
initial  run  through  the  rules  has  been  completed.  Generation  will  continue 
until  no  further  SS  nodes  remain. 

B.  Generating  Trees 

This  section  describes  the  use  of  a  system  of  programs  which  allow 
the  user  to  generate  on  the  display  scope  any  sentence  consistent  with  a 
specified  context-sensitive  phrase  structure  grammar.  Nodes  are  expanded 
automatically  until  a  choice  has  to  be  made.  Then  the  possible  alternative 
expansions  are  displayed,  and  the  user  selects  one  with  the  lightgun.  It 
is  also  possible  to  specify  choices  in  advance  of  generation. 

The  generation  of  the  tree  is  begun  by  specifying  the  grammar  to  be 
used.  The  variable  PSRULES  is  set  to  the  name  of  the  desired  grammar.  For 
example,  the  statement 

PSRULES  =  PSR6 

will  result  in  the  use  of  the  list  of  rules  stored  under  the  name  PSR6 . 

Typing  in  the  command  GENTREE ()  initiates  generation.  The  tree  (TREE)  is 

set  to  the  tree  consisting  of  the  single  node  SS  which  is  displayed  in  the 

center  of  the  scope.  The  bottom  margin  is  set  to  read  PHRASE  STRUCTURE 

GENERATION  IN  PROCESS.  The  left  margin  contains  the  following  control  words 

VIEW 

BACK1 

BACKALL 

NEXTPAGE 

PREVPAGE 

VIEWPAGE 

FIRSTPAGE 
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SHOWCHOICE 

SHOWTREE 


PRT-TREE 

BACKTRACK 

These  control  words  may  be  lightgunned  to  perform  the  following 

actions : 


1.  VIEW  -  the  word  VIEW  is  displayed  in  the  top  margin.  After 

that,  lightgunning  any  node  of  the  tree  currently  displayed  will  result 
in  the  display  of  a  tree  with  the  lightgunned  node  as  the  top  node.  This 
redisplay  is  useful  when  a  tree  is  too  large  for  all  of  it  to  appear  on 
the  scope. 


2.  BACK1  ---  undoes  the  most  recent  VIEW  action. 

3.  BACKALL  -  undoes  all  of  the  VIEW  actions  which  have  been 

taken  on  the  current  tree  so  that  the  initial  node  appears  as  the  top 
node  displayed. 


4 .  NEXTPAGE 


5 .  P RE VP  AGE 

6 .  VIEWPAGE 


-  these  control  words  operate  like  the 

corresponding  control  words  in  the  general 


7 .  FIRSTPAGE 


editor  (I.C.)  to  change  the  card  display 

called  up  by  SHOWCHOICE. 

8.  SHOWCHOICE  ---  replaces  the  displayed  tree  containing  the 
alternative  expansions  for  the  current  rule  with  a  list  of  cards,  each 
card  showing  one  of  the  alternatives.  A  choice  may  be  made  by  lightgunning 
one  of  the  cards,  after  which  the  tree  will  be  redisplayed  showing  the 
alternatives  for  the  next  applicable  rule. 
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9.  SHOWTREE  -  replaces  the  list  of  cards  called  up  by  SHOW- 

CHOICE  with  the  tree  display  that  represents  those  alternatives. 

10.  PRT-TREE  -  causes  the  tree  currently  displayed  to  be  printed 

on  the  on-line  printer.  The  top  node  of  the  printed  tree  is  the  same  as 
the  top  node  which  appears  on  the  scope. 

11.  BACKTRACK  ---  the  word  SEL-NOD  appears  in  the  top  margin. 

After  that,  lightgunning  in  the  tree  currently  displayed  any  node  that 
has  already  been  expanded  will  return  the  tree  to  the  form  it  had  before 
that  node  was  expanded,  and  the  alternatives  for  that  node  will  again  be 
disp layed . 

To  specify  choices  in  advance  of  generation  that  are  to  be  made 
automatically  by  the  program,  the  following  functions  (in  READQ  mode) 
may  be  used: 

1.  RESGENS (arguments)  -  where  arguments  is  a  list  of  3n  elements 

(i.e.,  a  triple  for  each  rule).  Each  triple  consists  of  a  rule  name,  supple¬ 
mentary  name,  and  either  (1)  NIL  (to  indicate  that  the  user  must  select 

if  there  is  more  than  one  expansion)  (2)  any  other  atom  (RAND  is  recommended) 
to  indicate  random  choice  among  the  expansions  of  the  rule,  or  (3)  a  list 
of  numbers,  corresponding  to  the  numbers  for  the  expansions  of  that  rule  from 
which  the  program  is  to  choose  randomly;  usually  just  one  expansion  will  be 
designated . 

2.  MAKRAND (arguments)  where  arguments  is  a  list  of  2n  elements 

(i.e.,  a  pair  for  each  rule).  Each  pair  consists  of  a  rule  name  and  a  supple¬ 
mentary  name.  The  effect  of  giving  a  given  pair  to  MAKRAND  is  the  same  as 
selecting  RAND  as  the  third  element  for  the  triple  whose  first  two  elements 
are  the  same  rule  name  and  supplementary  name. 


-16- 


3.  GETGEN(rulename ,  supplementary  name)  -  prints  out  the 

specification  (if  any)  for  the  rule  with  that  name  and  supplementary 
name . 

For  all  of  the  above  routines,  if  a  rule  with  the  specified  rule  name 
and  supplementary  name  does  not  exist  in  the  list  of  rules  identified  by 
PSRULES,  then  a  comment  to  that  effect  will  be  typed  out. 

The  program  carries  out  the  following  steps  in  generating  a  tree 
from  the  initial  display: 

1.  Set  TREES  to  a  list  containing  SS,  the  initial  tree.  TREES 
lists  only  the  unexpanded  recursive  symbols  in  the  current 
tree  (TREE) . 

2.  If  TREES  is  empty,  the  tree  is  completely  generated.  The 
statement  PHRASE  STRUCTURE  GENERATION  COMPLETED  is  displayed 
on  the  bottom  margin  and  the  program  stops.  Otherwise,  set 
SUBTREE,  the  subtree  to  be  expanded,  to  the  first  element  of 
TREES,  and  set  TREES  to  its  remaining  elements  (if  any) .  Set 
the  current  rule  (RULE)  to  the  first  rule  of  PSRULES,  and  go 
to  step  3. 

3.  List  all  of  the  terminal  nodes  of  SUBTREE.  Look  for  the  left¬ 
most  node  in  the  list  whose  name  is  the  same  as  the  name  of 
the  current  rule  and  which  meets  the  context  restrictions  for 
the  rule.  If  there  is  such  a  node  go  to  step  5.  Otherwise, 
go  to  step  4. 

4.  If  RULE  was  the  last  rule  of  PSRULES,  go  to  step  9.  Otherwise, 
set  RULE  to  the  next  rule  in  PSRULE,  and  go  to  step  3. 
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5.  If  there  is  only  one  node  in  the  list  go  to  step  8.  If 
there  is  more  than  one  node,  but  the  user  has  specified, 
through  RESGENS  or  MAKRAND,  that  the  program  is  to  make 
the  choice,  go  to  step  7.  Otherwise,  go  to  step  6. 

6.  Display  SEL-RUL  in  the  top  margin  and  change  the  tree 
currently  displayed  so  that  the  node  to  be  expanded  has 
one  daughter  for  each  of  the  possible  expansions  of  the 
current  rule.  Each  daughter  is  a  subtree  whose  top  node 
is  the  number  of  the  expansion  and  whose  daughters  are  the 
symbols  in  the  expansion.  Thus  if  the  tree  is 


SS 


the  tree  displayed  will  be 

SS 


PRE  NP  VP  NP  VP 


The  user  may  respond  in  one  of  the  following  ways : 

a.  Lightgun  the  number  dominating  the  expansion  desired. 

If  any  other  part  of  the  tree  is  hit,  ERROR  will  flash 
in  the  top  margin  and  the  message  PLEASE  LIGHTGUN  A 
NUMBER  will  be  typed  out. 

b.  Type  USEXP  (argument)  where  argument  is  either  the  number 
of  the  expansion  chosen  or  (in  READQ  mode)  the  list  of 
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symbols  which  constitute  his  choice.  In  the  example, 
USEXP(2)  and  Q  USEXP(NP  VP))  will  have  the  same  result 
as  lightgunning  the  number  2  in  a . 
c.  Lightgun  the  left  margin  word  SHOWCHOICE.  A  list  of 

cards  containing  the  current  expansions  will  be  displayed 
replacing  the  current  tree.  In  the  example,  the  following 
display  results: 


1.  (PRE  NP  VP) 


2 .  (NP  VP) 


Lightgunning  one  of  the  cards  is  equivalent  to  lightgunning 
the  number  on  the  tree.  The  user  may  look  at  the  tree  again 
before  making  his  choice  by  lightgunning  SHOWTREE  in  the 
left  margin. 


When  an  expansion  has  been  chosen  in  one  of  the  ways  indicated, 
go  to  step  8. 

7.  From  the  list  of  choices  specified  by  the  user  before  generation 
using  RESGENS  or  MAKRAND,  choose  one  as  directed  and  go  to  step 
8. 

8.  Change  the  tree  so  that  the  node  being  expanded  has  as  its 
daughters  the  symbols  of  the  expansion  chosen.  In  the  example, 
selecting  the  second  expansion  would  result  in  the  tree 


SS 


#  S  # 


NP 


VP 
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If  any  other  nodes  in  the  list  set  up  in  step  3  have  names 
that  are  the  same  as  the  name  of  the  current  rule  and  satisfy 
the  context  restrictions,  go  to  step  5  with  the  leftmost  such 
node  as  the  node  to  be  expanded.  Otherwise  go  to  step  4. 

9.  Add  to  the  list  of  unexpanded  recursive  symbols  in  TREES  any 
such  symbols  introduced  in  generating  SUBTREE,  the  current 
subtree,  and  go  to  step  2. 

Two  additional  actions  are  available  during  the  generation  of  a 


tree.  If  the  user  would  like  to  look  at  a  part  of  the  tree  not  visible  on 
the  scope,  he  may  lightgun  VIEW  in  the  left  margin  and  select  the  node  he 
wishes  to  have  displayed  as  the  top  node  of  the  tree.  If  the  user  would 
like  to  undo  some  of  the  rule  applications,  he  may  lightgun  BACKTRACK  in 
the  left  margin  and  select  the  node  whose  expansion  he  wishes  to  change. 

The  tree  will  be  returned  to  the  form  it  had  before  that  node  was  expanded. 

C .  Format  for  Transformations 

A  transformation  is  defined  by  the  function  DEFTRAN.  The  format 
for  the  specification  (in  the  form  of  arguments  for  DEFTRAN)  is  similar  to 
the  format  in  the  English  Preprocessor  Manual  (Walker,  1965).  For  example, 
the  transformation  written  in  the  Manual  as 
TWGHB  (non-cyc lical) 


($SKIP  NP  $RES  9)  ($SKIP  BE)  (EXT)  (AWT  $RES  6) 


1 


2 


3 


4 


(WEIGH)  SUB  2 
ERASE  4 


$RES  6:  dom  OPTN 
$RES  9:  ndom  MXMN 


would  be  written  in  the  TREET  system  as 
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DEFTRAN (TWGHB 
NC 

( ($SKIP  NP  (NDOM  MXMN) )  (SKIP  BE)  (EXT)  (AWT  (DOM  OPTN))) 

SUB ((WEIGH)  2) 

ERASE  (4) 

1  /\ 

It  is  assumed  that  the  function  DEFTRAN  is  called  in  the  READQ  mode. 

The  arguments  for  a  transformation  have  the  following  form: 

1.  The  name  of  the  transformation.  The  name  must  be  a  valid 
TREET  symbol. 

2.  A  set  of  type  designations.  NC  stands  for  non-cyclic,  E 
for  embedding,  REJ  for  rejection  rule;  if  type  is  not  specified,  trans¬ 
formations  are  assumed  to  be  cyclic,  non-embedding,  and  non-rejection; 
the  type  designations  may  appear  in  any  order. 

3.  The  structural  description.  A  structural  description  is  a 
list  of  segments,  each  of  which  is  a  list  of  symbols  and  (optionally) 

a  restriction  specification  for  that  segment.  The  symbols  may  be  any 
TREET  symbols  which  appear  as  nodes  of  a  tree  at  some  stage  of  the  sentence 
production  process  for  the  grammar,  or  $SKIP ,  or  $NIL.  A  restriction  is 
a  list  whose  first  element  is  a  symbol  specifying  the  name  of  the  restric¬ 
tion  and  whose  remaining  elements  (if  any)  are  arguments.  The  analysis 
program  (ANAL)  recognizes  some  restrictions  directly.  If  it  comes  upon 
a  restriction  name  which  it  does  not  recognize,  then  it  assumes  that  the 
user  has  defined  a  routine  which  will  return  TRUE  if  the  restriction  is 
met  and  NIL  if  it  is  not.  The  following  restrictions,  which  have  general 
applicability,  are  already  defined: 
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a.  (ANL  a)  where  a  is  a  symbol.  TRUE  iff  the  node 

matching  this  segment  is  "analyzed"  as  a.  That  is, 
the  node  matching  the  current  segment  must  dominate 
a  node  whose  symbol  is  a  and  there  must  be  no  node 
which  is  between  those  two  nodes  and  which  has  a 
sister.  In  the  example 

A 


B 

C 


D  E 


F 

A  can  be  analyzed  only  as  B  or  C. 

b.  (EQ  n)  where  n  is  an  integer.  TRUE  iff  the  subtree 
dominated  by  the  node  matching  this  segment  has  the 
same  structure  as  does  the  subtree  dominated  by  the 
node  matching  the  nth  segment. 

c.  (NANL  a)  where  a.  is  a  symbol.  TRUE  iff  (ANL  a)  is  NIL. 

d.  (DOM  a)  where  a  is  a  symbol.  TRUE  iff  the  node  matching 
this  segment  dominates  a  node  whose  symbol  is  a.  A  node 
x  is  said  to  dominate  a  node  y  if  y  is  a  daughter  of  x 
or  if  y  is  linked  to  x  through  a  series  of  daughter- 
parent  relations. 

e.  (NDOM  a)  where  a  is  a  symbol.  TRUE  iff  (DOM  a)  is  NIL. 

f.  (ISA  a  n)  where  a  is  a  symbol  and  n  an  integer.  TRUE 
iff  there  is  a  node  such  that 
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(1)  the  symbol  of  the  node  is  a.. 

(2)  a  dominates  the  node  matching  the  nth  segment  and 
dominates  the  current  node  (CN) . 

(3)  the  leftmost  terminal  symbol  of  a  is  the  left-most 
terminal  symbol  of  the  nth  segment. 

(4)  the  right-most  terminal  symbol  of  a  is  the  right-most 
terminal  symbol  of  CN. 

(5)  a  does  not  dominate  an  S.  which  dominates  either  the 
current  node  or  the  node  matching  the  nth  segment. 

The  following  tree  indicates  by  identifying  nodes  some  of  the 
ISA  relations  that  are  and  are  not  valid. 


B 


ISA  B 
ISA  A 

ISA  B 
ISA  A 


- ISA  B 


A 


* 

I 


ISA  F  M 
ISA  D 


ISA  A 
*>ISA  D 


Unfortunately,  boolean  combinations  of  restrictions  cannot  be  stored  in 
a  simple  way  at  the  present  time.  If  it  is  desired  to  specify  that  the 
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node  matched  by  a  given  segment  be  analyzed  as  a  TIM  or  as  a  LOC,  for 
example,  then  it  is  necessary  to  write  a  TREET  function 

DEF($RESCOMB  (  )  (  ) 

RET (ANLA (TIM)  OR  ANLA (LOC)  )/  )  ** 

(where  ANLA  is  the  form  of  ANL  used  outside  of  restrictions)  and  to  specify 
($RESCOMB)  as  the  restriction. 

4.  A  set  of  operation  statements.  Each  operation  statement  is  a 
pair,  the  first  member  of  which  is  a  symbol  specifying  the  type  of  change, 
the  second  member  a  list  of  arguments.  The  symbol  is  the  name  of  a  function 
and  the  transformation  application  program  simply  applies  that  function  to 
the  list  of  arguments.  The  following  functions  have  been  defined  to  per¬ 
form  structural  changes: 

a.  ADFID(tree,  number)  -  add  as  first  daughter 

b.  ADLAD (tree ,  number)  -  add  as  last  daughter 

c.  ADLES(tree,  number)  -  add  as  left  sister 

d.  ADRIS(tree,  number)  -  add  as  right  sister 

e.  ADRIA(tree,  number) - add  as  right  aunt 

f.  SUB(tree,  number)  ---  substitute 

g.  ERASE  (number ,  ...  ,  number) - erase 

The  functions  a  through  f  take  the  argument  referred  to  by  tree  and  add  or 
substitute  it  in  the  manner  designated;  the  integer  in  number  refers  to  a 
segment  in  the  structural  description  and  identifies  the  node  upon  which 
the  specified  operation  is  to  be  performed.  The  argument  tree  in  function 
a  through  f  is  a  tree  which  may  be  an  integer  referring  to  a  segment  in  the 
structural  description  or  which  may  have  nodes  that  are  integers.  (In  trans¬ 
formations,  tree  is  always  a  single  node  or  a  string;  only  in  reversal  rules 
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is  there  tree  structure  at  this  point.)  Functions  a  through  f  call  a  program 
BUILDTREE  which  converts  the  given  tree  where  necessary  into  one  in  which  for 
each  integer  i,  the  node  matching  the  ith  segment  in  the  structural  descrip¬ 
tion  is  substituted  accordingly.  If  the  integer  is  negative,  then  that  node 
also  is  erased  from  its  original  position  in  the  structure.  BUILDTREE  does 
not  necessarily  copy  the  nodes  referred  to  by  the  integers;  usually  it  inserts 
pointers  to  their  positions  in  the  overall  structure.  Therefore,  if  a 
structural  change  is  specified  in  which  a  node  referred  to  is  not  subse¬ 
quently  deleted,  it  will  be  necessary  to  duplicate  it  so  that  the  same  node 
will  not  have  two  different  parents.  The  function  SETCOPY  (  )  inserted  be¬ 
fore  the  structural  change  statement  will  result  in  copies  being  made  of 
segments  referred  to  in  the  appropriate  tree  arguments. 

The  following  examples  illustrate  the  operation  of  transformational 
rules.  Given  the  tree 


DET 

1 

N 

1 

V 

1 

NP 

1 

THE 

1 

NCT 

I 

1 

VTR 

I 

DET  N 

1 

girl 

1 

hit 

|  1 
THE  NCT 

ball 
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application  of  the  transformation  TRELOBJ  (the  parenthetical  numbers  at 
the  left  are  used  here  only  to  identify  sections  in  the  preceding  discussion) 

(1)  TRELOBJ 


(2)  NC 

(3)  ($SKIP  DET  (NDOM  NL) )  (N)  (#)  ($NIL  PRE)  (NP)  (V)  (DET  EQ  1) ) 

1  2  3  4  5  6  7 

(N  (EQ  2))  ($SKIP  #) 

8  9 

(4)  ADFID ( (WH)  7) 

ADLES  ((-7)  5) 

ERASE  (3489) 

results  in  the  following  tree: 


SS 


THE  NCT  VTR 


girl  hit 

The  transformation  TWHICH 

(1)  TWHICH 

(2)  NC 

(3)  ($SKIP  WH)  (A  THE) 

1  2 

(4)  SUB  ((WHICH)  1) 

ERASE  (2) 
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applied  to  the  preceding  tree  results  in  a  tree  in  which  the  WH  and  THE 
dominated  by  PET,  the  first  daughter  of  the  embedded  S^,  are  replaced  by 
WHICH. 

The  reversal  rule  RTRELOBJ 


(1)  RTRELOBJ 

(2)  NC 

(3)  ($SKIP  DET)  (N)  (DET  (ANL  WHICH))  (NP)  (V) 

1  2  3  4  5 

(4)  SETCOPY  (  ) 

ADRIS  ( (NP (1  2))  5) 

ERASE  (3) 


applied  to  the  tree  produced  by  TWHICH  results  in  the  following  tree: 


ball 
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The  transformation  RSB 

(1)  RSB 

(2)  NC 

(3)  ($SKIP  N)  (S) 

1  2 

(4)  ADLES  ((#)  2) 

ADRIS  ((#)  2) 

applied  to  the  preceding  tree  results  in  the  original  tree. 

D .  Applying  Transformations  to  a  Tree 

To  initialize  the  transformation  application  procedure,  the  user 

must  type  in  either 

SETUP (savelocation) 
or 

RESETUP (treelocation) 

where  savelocation  is  any  unused  TREET  symbol  and  treelocation  points  to 
a  tree.  If  SETUP  is  used,  a  copy  of  the  tree  currently  being  displayed 
is  pointed  to  by  savelocation  and  the  tree  currently  being  displayed  is 
the  tree  to  which  transformations  will  apply.  If  RESETUP  is  used,  then 
the  tree  pointed  to  by  treelocation  is  displayed  and  SETUP (treelocation) 
executed.  In  general,  SETUP  will  be  used  when  the  phrase  structure 
generation  has  just  been  completed  and  the  desired  tree  is  being  displayed, 
RESETUP  will  be  used  when  the  tree  desired  has  been  generated  some  time 
ago  and  is  now  stored. 

In  either  case,  the  response  TREE  STORED  IN  savelocation  or  tree- 
location  is  typed  out,  the  word  VIEW  appears  in  the  top  margin  (so  that 
VIEW  may  be  the  next  action  and  lightgunning  a  node  in  the  tree  will  re¬ 
sult  in  the  tree  being  redisplayed  from  that  node) .  The  following  left 
margin  is  displayed: 
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VIEW 

BACKl 

BACKALL 

• 

PAUSE 

CONTINUE 

SINGL-STEP 

• 

PRT-TREE 

• 

DOFOR 
DO BACK 

These  control  words  may  be  lightgunned  to  perform  the  following 


actions : 


1. 

VIEW 

2. 

BACKl 

3. 

BACKALL 

J 


---  these  control  words  operate  like  the 

corresponding  control  words  in  section 
III.B. 

4.  PAUSE  -  stops  the  sequence  of  transformations  being  applied 

as  soon  as  the  current  transformation  either  has  applied  once  or  it  is 
determined  that  it  cannot  apply.  The  response  I  PAUSE  will  be  typed  out 
and  the  program  will  wait  for  further  instructions.  If  the  program  has 
already  paused  when  PAUSE  is  lightgunned,  the  typewriter  response  is  I 
PAUSED. 

5.  CONTINUE  -  resumes  the  application  of  the  sequence  of  trans¬ 

formations  from  where  the  last  PAUSE  interrupted  it. 

6.  SINGL-STEP  -  like  CONTINUE,  except  that  there  is  a  PAUSE  after 

one  transformation  has  applied. 

7 .  PRT-TREE  -  operates  like  the  corresponding  control  word  in 

III.B. 

8.  DOFOR  -  applies  the  forward  transformations  to  the  tree 
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initialized  by  SETUP  or  RESETUP.  As  each  transformation  is  applied,  the 
name  of  the  transformation  is  both  displayed  in  the  top  margin  of  the  scope 
and  typed  out.  The  tree  then  is  redisplayed  to  show  the  effect  of  the 
transformation  on  it.  DOFOR  applies  the  forward  transformations  in  three 
groups,  called  TES  (embedding  and  related  singularies) ,  TE  (embeddings, 
and  TFS  (final  singularies) .  As  each  group  is  begun,  the  bottom  margin 
shows 


FORWARD  TRANSFORMATIONS 


If  SINGL-STEP  has  been  lightgunned  before  DOFOR,  then  the  program  pauses 
as  soon  as  one  transformation  has  applied.  If  a  rejection  rule  applies, 
then  the  bottom  margin  shows 


TREE  REJECTED 


and  no  more  transformations  are  tried.  If  all  the  transformations  are 
tried  without  any  rejection  rule  applying,  then  the  bottom  margin  shows 


END  OF  FORWARD  TRANSFORMATIONS 

9.  DOBACK  -  applies  the  backward  transformations  (reversal  rules) 

like  DOFOR  except  that  the  groups  RTFS  and  RTE  are  applied  to  the  tree  and, 
if  no  rejection  rule  applied,  the  terminal  bottom  margin  display  is 


END  OF  BACKWARD  TRANSFORMATIONS 


In  addition  to  the  margin  controls,  the  following  functions  may  be 
typed  in  in  conjunction  with  transformation  application: 

STORETREE (location)  -  where  location  is  any  TREET  symbol.  The 

word  SEL-TREE  is  displayed  in  the  top  margin.  After  that,  the  tree  dominated 
by  the  next  node  lightgunned  is  stored  in  location . 
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APPTRAN (transformations ,  tree)  -  where  transformations  evaluates 


to  a  list  of  transformation  names  and  tree  points  to  a  tree  which  either 
has  a  top  node  £3  or  has  a  daughter  node  which  is  S_.  The  transformations 
listed  in  transformations  are  applied  to  the  tree  headed  by  the  J3  node 
in  tree  (which  must  be  either  the  top  node  or  one  of  its  daughters) . 

This  function  can  be  used  to  test  out  a  particular  transformation  (or 
list  of  them)  without  going  through  the  entire  forward  or  backward  trans¬ 
formation  application  procedure. 

RESUMTRAN(  )  -  results  in  the  transformation  display  being  re¬ 

generated  and  the  transformations  being  resumed  by  a  CONTINUE.  This  is 
useful  if  the  user  has  interrupted  (by  PAUSE)  the  sequence  of  transformations 
to  do  something  (e.g.,  editing  to  change  a  transformation)  which  clears  the 
transformation  display. 
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